The majority of the models that participated in the Coupled Model Intercomparison Project Phase 5 global warming experiments warm faster in the eastern equatorial Pacific Ocean than the west. GFDL-ESM2M is an exception among the state-of-the-art global climate models in that the equatorial Pacific sea surface temperature (SST) in the west warms faster than in the east.
Introduction 30
The tropical Pacific Ocean has profound impacts on the global climate system, and the response 31 of this region to anthropogenic greenhouse gas forcing has been a controversial research topic a. Time evolution of the zonal SST gradient 143 Figure 2 shows the spatial patterns of the bidecadal mean SST* (hereafter "*" denotes "devia-144 tions from the global mean") starting from 2016, 2036, 2056, and 2076 expressed with respect to 145 the decadal mean starting from 2006. Even in the first bidecade, a hint of difference in the zonal 146 SST gradient is already apparent, especially between the M and Had models. Then, after half a 147 century, the three models start to show their distinct spatial structures. The last bidecadal patterns 148 are essentially the same as those introduced in Fig. 1 . This temporal evolution confirms that the 149 trend patterns shown in the introduction section are not due to influences of a few extreme events 150 in a relatively short time span but due to a gradual process during this century. 151 An interesting difference in the North Pacific SST trend also appears. In the M model, the 152 SST warming off the North American west coast is relatively weak compared to the center of 153 North Pacific. This feature is not apparent in the G and Had models. This anomalous tern in the M model looks like the so-called "Blob" mode (e.g., Hartmann 2015), which is known 155 to have become the second most important mode of global SST variability during the satellite 156 era and to have evolved into an extreme event with more than 2 standard deviations in 2014 b. The Walker circulation change 164 Next, we investigate the response of the Walker circulation to warming in each model. Figure 3   165 shows the equatorial meridional-mean warming response of zonal wind and vertical motion in the 166 three models. As many previous articles have suggested (e.g., Tokinaga et al. 2012b) , the Walker 167 circulation weakens as the SST experiences El Niño-like warming in the Had model. By contrast, 168 in the M model, the Walker circulation strengthens as the SST experiences La Niña-like warming. 169 The G model also shows a qualitatively similar strengthening, but the signal is much weaker as the 170 SST trend does not exhibit a clear La Nina-like pattern. Also shown in the top panels are those of 171 the observed trends during the satellite era. Though there is no reason to assume that the satellite 172 era is an analog for global warming, the remarkable resemblance in Walker circulation change 173 between observations and the M model increases the interest in comparing these models. 174 One might wonder how to reconcile the strengthening Walker circulation in the M model with 175 the robust conclusion from the energy and water balances that the atmospheric circulation should 176 weaken under global warming (Held and Soden 2006) . It is important, however, to remember 177 that this explanation only constrains the global mean change. The scatter plots in Fig. 4 show the 178 relationship between the annual-mean temperature change and the precipitation increase expressed 179 with respect to the mean over 2006-2015. Also shown are the least-square best fit line of the 180 precipitation increase and the estimated increase of water vapor due to the Clausius-Clapeyron 181 relationship (7%/K) assuming that the relative humidity remains constant. The explanation given 182 by Held and Soden (2006) was that, to increase precipitation more slowly than 7%/K, the water 183 vapor increase has to be compensated by weakening atmospheric circulation. In the majority of 184 global climate models including the M and Had models, this is true for the global mean circulation 185 as shown in Fig. 4 (a) . The problem is that many previous studies extrapolated this explanation 186 9 to circulations in narrower regions, such as the Walker circulation, where this assumption is not 187 always true because of lateral transport processes ( Fig. 4b) . Therefore, the strengthening Walker 188 circulation in the M model does not violate the conclusion derived from the global energy and 189 water balances. 
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To suppress the polar amplification signals, the zonal mean response is removed beforehand. Also
194
shown is an observational map of the detrended DJF land temperature regressed onto the detrended 195 SST anomalies averaged over the Niño3 region (5N-5S, 150W-90W) during the satellite era. These 196 two maps suggest that the global warming response to the tropical Pacific SST resembles the 197 interannual ENSO teleconnection to first order. One major difference is seen in Australia, but this 198 could be an artifact of taking out the zonal mean response, which is presumably influenced by the 199 strong warm anomalies in South America.
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Precipitation* change in North America also exhibits different precipitation patterns between 201 the two models ( Fig. 5b) . Particularly, at least in the RCP 8.5 run, the La Niña-like model (i.e., M 202 model) simulates significantly drier climate in Gulf States at the 95% confidence level, whereas 203 the El Niño-like model (i.e., Had model) simulates the reverse. This feature is also known to 204 be typical for the interannual ENSO mode. Figure 5 is a good indication that the difference in In this section, we first show that an interesting feature of the M model is that the ENSO ampli-211 tude is significantly suppressed under greenhouse warming. Then, we explore some implications 212 of the weakening amplitude trends for the mean-state zonal SST gradient, referencing a robust 213 constraint that exists in observations and the M model but not in the G and Had models. 
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For reference, the skewnesses of annual-mean detrended Niño3 regional-mean SST anomalies are 234 0.34 for observations (satellite era), 0.30 for the M model, 0.36 for the G model, and -0.29 for the 235 Had model (RCP 8.5) , where positive skewness denotes that El Niño events tend to be stronger 236 than La Niña events. This nonlinearity of ENSO motivates us to look at the relationship between 237 the ENSO amplitude and the mean state. If ENSO becomes inactive in response to warming, 238 fewer extreme ENSO events will occur, which means fewer strong El Niño events because of the 239 nonlinearity in this model. Therefore, the mean state is expected to become La Niña-like (see 240 also a submitted paper by Atwood et al. available at http://www.atmos.washington.edu/ 241~d avid/Atwood_etal_ENSO_submitted_2016.pdf). Conversely, the La Niña-like mean state 242 might also influence the weakening ENSO amplitude as discussed in many previous studies (e.g.,
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Collins et al. 2010; Kim et al. 2011) . One mechanism in particular links weaker stratification of 244 the ocean to SST that is less responsive to wind anomalies.
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Figure 7 (a) shows the observed relationship between the standardized RSTD and the zonal SST 246 gradient (ZSG) index. Here, the ZSG index is defined as Niño3 minus Niño4 regional-mean SST 247 anomalies, so that positive (negative) ZSG means El Niño-like (La Niña-like) mean state. The 248 observed RSTD and ZSG indices, especially during the satellite era, exhibit a remarkably high 249 correlation with statistical significance at the 95% confidence level, which supports the idea of in-250 teractions between mean-state and amplitude mentioned in the previous paragraph. In other words, 251 a La Niña-like mean-state and inactive ENSO tend to coexist, and vice versa. The lag-correlation 252 property between the two indices is also shown in the right panels, but the lag-correlation coeffi-253 cients with positive and negative lags are not well-separated in terms of the estimated range of the 254 12 true correlations at the 95% confidence level. This means we cannot determine the direction of 255 causality based on the statistics for this length of integration. the mean state trends. In the observations, however, the 11-year window is too strong a low-pass 268 filter to retain enough degrees of freedom for the correlation to be statistically significant at the 269 95% confidence level. Nevertheless, the insignificance of the correlation mostly emanates from 270 the pre-satellite era for which we do not have high-quality datasets.
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Though the feature discussed above is not enough to conclude that the M model simulates the 272 zonal SST gradient more realistically, it lends confidence to the notion that the La Niña-like warm-273 ing scenario may be as reasonable as the El Niño-like warming scenario, since consistent physical 274 mechanisms can be outlined. Considering the fact that the previous studies have not reached con- Another related equatorial property is thermal stratification. Figure 10 basin. This might then cause the eastern equatorial Pacific upwelling water to be anomalously 311 cold, because the outcrops of isopycnal surfaces from which the upwelling water originates are 312 generally observed at higher latitudes. This is another possible mechanism to obtain the La Niña-313 like trend in this model. 314 We are, however, more skeptical about this view than about the equatorial upper oceanic prop-315 erties, because oceanic temperature anomalies in the 150-200 m layer do not exhibit any major 316 qualitative difference ( Fig. 11b ). If the oceanic transport from the origin of the equatorial up-317 welling water is the most dominant cause, we expect major difference in the ocean interior just 318 like at the surface. We are also not certain about the time scale needed for changing the temper-319 ature of the upwelling water. Therefore, the mid-latitude difference shown in Fig. 11 (a) may 320 be an effect of atmospheric teleconnections caused by the SST warming pattern in the equato-321 rial Pacific. We could interpret the Northern-midlatitude pattern as the enhanced Blob mode, for 322 instance, which is perhaps a corollary of the La Niña-like warming. 323 6. Summary and concluding remarks 324 We have shown that GFDL-ESM2M (M model) is an interesting outlier in the CMIP5 mod-325 els, because it exhibits a clear La Niña-like response to global warming in the equatorial Pacific. to the Ekman upwelling region, does not exhibit a major qualitative difference among the three 370 models.
371
One important caveat of this study is that, to focus on the oceanic difference between the M and 372 G model, we have only used three models to do the analyses for this study. Therefore, we have not 373 discussed any potentially important difference in the atmospheric components of the models. To but the ENSO in this model is too regular (i.e., periodic). GFDL-CM3, which does not yield a 392 18 clear trend in the zonal SST gradient, simulates realistic ENSO well, but the lag regression maps 393 look fairly different from observations. 394 We have also found that many other CMIP5 models do not yield high correlations between the 395 zonal SST gradient and the ENSO amplitude as observed in the real world. It is true that the vast 396 majority of the CMIP5 models and the multi-model mean exhibit El Niño-like response to global 397 warming, but the range of spatial patterns they produce is not consistent. Hence, we do not have 
